External mechanical loading on a wound commonly increases fibrosis. Transforming growth factor-β1 (TGF-β1) has been implicated in fibrosis in various models, including the mechanical force model. However, the underlying mechanism is unclear. Our previous experiments suggested that eukaryotic initiation factor 6 (eIF6) acted as a regulator of TGF-β1 expression, and negatively impact on collagen synthesis. Our current results showed that external mechanical stretching significantly increased COL1A1, TGF-β1 and eIF6 expression as well as dermal fibroblasts proliferation, both in vitro and in vivo. eIF6 -deficient (eIF6 +/− ) cells exhibited significantly higher levels of COL1A1, and these levels increased further with external mechanical stretching, suggesting that mechanical stretching plays a synergistic role in promoting COL1A1 expression in eIF6 +/− cells. Inhibition of TGFβR I/II by LY2109761 decreased COL1A1 protein expression in eIF6 +/− dermal fibroblasts in a cell stretching model, and attenuated granulation tissue formation in partial thickness wounds of eIF6 +/− mice. These data suggest that mechanical stretching has a synergistic role in the expression of COL1A1 in eIF6 +/− cells, and is mediated by activation of TGFβRI/II. Taken together, our results indicate that eIF6 may be involved in external mechanical force-mediated murine dermal fibroblast function at least partly through the TGF-β1 pathway.
. The matrix proteins secreted by hypertrophic scar fibroblasts differ from those secreted by normal skin cells 4 . The extra cellular matrix (ECM) in hypertrophic scars never achieves the flexibility or strength of the original tissue 5 , often leading to physical dysfunction and psychological stress 2 . At present, the mechanisms underlying hypertrophic scar formation are not fully understood.
Mechanical loading profoundly influences the composition and structure of the ECM 6 . Many in vivo studies have shown that keloid and hypertrophic scars have few cellular abnormalities and often occur at sites that are constantly or frequently subjected to external mechanical skin stretching. Tension during healing appears to provoke an excessive or deranged response, resulting in fibrogenesis and increased deposition of collagen 7, 8 . This response suggests that mechanosensory pathways may be responsible for mechanical force-mediated fibrogenesis 8 . The structure and function of dermal fibroblasts, the major cell type involved in wound repair, are affected by mechanical loading. Local mechanical forces within an open wound subject dermal fibroblasts to internal forces, either by extending their membranes or by rearranging their actin cytoskeletons 9 . In this situation, characterized by increased α -smooth muscle actin (α -SMA) expression, collagen synthesis and contraction, an abnormally large number of dermal fibroblasts differentiate into myofibroblasts 9 . Transforming growth factor-β (TGF-β )
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is one of the most important molecules contributing to the activation and maintenance of myofibroblasts 10 . In homeostatic conditions, TGF-β is sequestered in the ECM as part of the large latent complex (LLC), which includes latency-associated peptides (LAPs) and latent TGF-β -binding proteins (LTBPs) 11 . Upon injury, the binding of integrins to LTBPs, together with increased mechanical forces, can cause the release of TGF-β from the LLC, allowing it to interact with two type I and two type II receptors and subsequently with phosphorylated Smad proteins 12, 13 , resulting in the formation of a hypertrophic scar. Cyclic mechanical strain results in a significant increase in active TGF-β 1 levels, leading to a p-Smad2-mediated increase in the transcription of downstream regulatory factors 14 . These observations suggest that the activity of TGF-β 1 plays an important role in the formation of hypertrophic scars under external mechanical loading, and that the identification of a TGF-β 1 inhibitory factor will be a key step in the research for treatments to control hypertrophic scarring.
Recently, eukaryotic initiation factor 6 (eIF6), also known as protein p27BBP (beta 4 binding protein), has been identified as a regulator of TGF-β 1 expression and myofibroblast differentiation. eIF6 is also involved in the development of hypertrophic scars, and is therefore a potential target for the control of hypertrophic scarring 15 . Our earlier study showed that eIF6 regulates TGF-β 1 expression at the transcriptional level by facilitating occupancy of the TGF-β 1 promoter by Sp1 rather than H2A.Z 16 . In vivo studies also show that a heterozygous eIF6 +/− mouse exhibits enhanced TGF-β 1 production after skin injury, coupled with increased numbers of α -smooth muscle actin (α -SMA) + myofibroblasts 16 . We hypothesized that eIF6 plays a role in maintaining fibroblast homeostasis under external mechanical loading through TGF-β pathway regulation. The eIF6 protein has five quasi-identical α /β subdomains 17 that link integrin a6β 4 to the intermediate filament cytoskeleton and form a multivalent laminin receptor 18 . These findings suggest to us that eIF6 may be a mechano-sensitive protein, essential for cytoskeletal integrity.
In this study, we examined the expression of eIF6 and components of TGF-β /Smad signaling pathway in cell stretch and dermal stretch models to determine their effects on murine dermal fibroblasts. Our results shed light on a possible role for eIF6 and TGFβ R I/II in external mechanical force-mediated dermal fibroblast function and fibrosis, and may lead to new strategies for the prevention and/or treatment of pathological scarring in humans.
Results
The effect of mechanical stretch on eIF6 expression in vivo and in vitro. The in vivo study was conducted using partial-thickness wounds on the mouse dorsum as described in Materials and Methods. In one group of 12 mice (STRETCHED), wounds were subjected to external mechanical stretching by removing a hexagonally shaped region of the skin and then suturing to introduce tension. This procedure was precisely controlled and consistent (Fig. 1A,C) . In a second group of 12 mice (NON-STRETCHED), a sham operation was conducted to introduce a wound, but no skin was removed, and the cut was sutured without tension, allowing for natural skin stretching in the wound area (Fig. 1B,D) . Our results show that external mechanical stretching significantly increases eIF6 expression in granulation tissue as demonstrated by immunohistological staining ( Fig. 2A,B , p = 0.032) and western blotting (Fig. 2C ,D, p = 0.001).
For the in vitro study, murine dermal fibroblasts were cultured in Bioflex ® six-well culture plates and subjected to cyclic external mechanical stretching for 0, 4, 8, 16 and 24 h at a frequency of 0.1 Hz (6 cycles/min), with a maximal increase in surface area of 10%. Cell samples were then prepared for examination by immunofluorescence. Positive staining of eIF6 is observed in the nucleus and cytoplasm of wild type (eIF6 +/+ ) murine dermal fibroblasts. Cells subjected to four hours of mechanical stretching exhibit an increase in eIF6 expression, especially in the cytoplasm. However, after 16 to 24 hours of stretching, eIF6 fluorescence intensity decreases (Fig. 3A) . To assess eIF6 protein expression more quantitatively, we measured eIF6 levels in stretched and non-stretched murine dermal fibroblasts using western blotting. eIF6 protein expression is increased in stretched cells over non-stretched cells at all time points, with peak levels at 4 h (Fig. 3B ,C, p = 0.0002). We also measured eIF6 mRNA expression using real time RT-PCR. eIF6 mRNA expression increases as cells are stretched over 8 h, then slowly decreases. mRNA levels are greater in stretched cells over non-stretched cells at all time points, with peak levels at 8 h. eIF6 mRNA expression increases from 2.41-fold (4 h) to 2.68-fold (8 h). Levels are significantly different when non-stretched and stretched cells are compared at 4, 8, 16 , and 24 h (p = 0.0014), and between cells stretched for 4 and 8 h (p = 0.00227) (Fig. 3D) .
The effect of eIF6 on murine dermal fibroblasts subjected to mechanical stretching. To determine whether eIF6 is involved in regulating collagen I expression and proliferation under conditions of external mechanical stretching, we used immunofluorescence staining to compare the expression of COL1A1 and PCNA in wild type (eIF6
) and eIF6 deficient (eIF6 +/− ) murine dermal fibroblasts. COL1A1 staining is observed in the cytoplasm of ~4% of unstretched eIF6 +/+ fibroblasts. After external mechanical stretching, COL1A1 expression is considerably altered, with 87% and 92% of cells expressing COL1A1 after 4 hours and 8 hours respectively. After 8 hours COL1A1 levels steadily decreased (Fig. 4A) . In contrast, ~72% of unstretched eIF6 +/− fibroblasts of had detectable COL1A1 fluorescence. Stretching increased this level to 100% (Fig. 4B) .
To quantitatively measure the expression of COL1A1, mRNA and protein expression in eIF6 +/+ and eIF6 To explore the possible role of eIF6 in the proliferation of murine dermal fibroblasts in response to external mechanical stretching, the expression of PCNA, a marker of cell proliferation, was measured in eIF6 +/+ and eIF6 +/− cells. In wild type fibroblasts, mRNA expression of PCNA increased during 8 hours of stretching, then decreased thereafter (Fig. 4E ). In eIF6 +/− fibroblasts, PCNA mRNA expression increased 30-50% under stretching conditions, these elevated levels were maintained throughout the experiment (Fig. 4F ). However, in comparison with eIF6 +/+ cells, eIF6 +/− cells showed less proliferative capacity with or without external mechanical stretching (Fig. 4G ).
The effect of eIF6 on wound healing under external mechanical stretching. To further elucidate the effects of eIF6 on wound healing under conditions of external mechanical stretching, we examined the expression of COL1A1 and PCNA in partial-thickness wounds in vivo. Newly formed granulation tissue as well as collagen deposition, increased significantly under external mechanical stretching in eIF6 +/− and eIF6 +/+ mice (Fig. 5 ). However, more granulation tissue formed in eIF6 +/− mice than in eIF6 +/+ mice (Fig. 5E , p < 0.0001). External mechanical stretching also increased the number of PCNA positive cells, compared to levels in non-stretched animals ( Fig. 5D,F ). This effect was greater in eIF6 +/− cells than in eIF6 +/+ cells (Fig. 5F , p = 0.0005).
Effect of eIF6 on the TGF-β/Smad pathway under external mechanical stretching. To explore the possible involvement of the TGF-β /Smad pathway in eIF6-mediated dermal fibroblast function, we used real time RT-PCR and western blotting to measure mRNA and protein expression levels of TGF-β 1, Smad2, p-Smad2 and p-Smad7 in eIF6 +/+ and eIF6 +/− murine dermal fibroblasts subjected to 8 h of mechanical stretching. The results showed that eIF6 deficiency increased the expression of TGF-β 1 protein ( +/+ or eIF6 +/− cells subjected to stretching, compared to non-stretched cells (Fig. 6C ). However, The distance between the partial-thickness wound and the suture line (arrow b) is 0.6 cm. Sustained mechanical stretching was generated using a skin defect (a hexagonally shaped skin resection) and tension suturing (edge stitching), as indicated by arrow b. The grid was used to characterize skin deformation induced by the stretching. (B1-3, D1-3). NON-STRETCHED group: Photographs of partial-thickness wounds with grid markings before and after a sham operation, followed by suturing without the introduction of stretching (indicated by arrow c). n = 4 for each group.
p-Smad2 levels increased significantly in both cell types after 8 hours of stretching (Fig. 6D ). Smad7, which plays an inhibitory role in the TGF-β /Smad pathway, was expressed at significantly lower levels in eIF6 +/− cells (Fig. 6E , bar 1 vs. bar 2, p < 0.0001). In the presence of external mechanical stretching, p-Smad7 levels further decreased (Fig. 6E , bars 3 and 4 vs. bars 1 and 2). p-Smad7 levels were significantly different in eIF6 +/+ and eIF6 +/− cells subjected to stretching (p = 0.0015) (Fig. 6E, bars 3 
and 4).
Possible role of TGFβR I/II in eIF6-mediated dermal fibroblast function under external mechanical force. The data described above show that the increased COL1A1 expression observed in eIF6 +/− cells could be increased further by external mechanical stretching, suggesting that mechanical stretching plays a synergistic role in promoting COL1A1 expression. To better understand the possible role of TGFβ R I/II in eIF6 +/− murine dermal fibroblasts under these conditions, we used LY2109761 (a dual inhibitor for both TGF-β receptor type I and type II) to block TGFβ R I/II in eIF6 +/− murine dermal fibroblasts, and then observed collagen I expression levels after 8 hours of external mechanical stretching. LY2109761 significantly suppressed COL1A1 protein expression in cells subjected to stretching compared with non-stretched controls (Fig. 7A,B) .
This experiment was also conducted in vivo. LY2109761 was injected subcutaneously in close proximity to the partial-thickness wound 19 . The results showed that LY2109761 reduced the area of granulated tissue in eIF6
mice subjected to external mechanical stretching (Fig. 7C,D) .
Discussion
The development of fibrosis presents a great challenge to researchers [20] [21] [22] . The control of fibrosis remains elusive, although some progress has been made [23] [24] [25] . It is well known from clinical experience that retention sutures prevent fibrosis to a certain extent 26 , but the underlying mechanisms have yet to be clarified. We recently reported that eukaryotic initiation factor 6 (eIF6), which is involved in ribosomal biogenesis and translational control by regulating the binding of the 40S and 60S ribosomal subunits, regulates fibrosis via the TGF-β 1 pathway in animal models 16 , human hypertrophic scarring 15 , and chronic kidney disease 27 . eIF6 is also involved in regulating MMP-2/TIMP-2 ratios to balance the degradation and deposition of the extracellular matrix 28 . We were therefore motivated to ask whether eIF6 is involved in mechanical force-mediated fibrosis, and implemented an in vitro external mechanical stretch model using the Flexcell tension system. Results using this model demonstrate that eIF6 and COL1A1 expression increases in fibroblasts subjected to external mechanical stretching, and eIF6 mRNA expression increases in murine dermal fibroblasts after 4 hours of stretching (Fig. 3D) . This may be an adaptive mechanism to reduce fibrotic response. Protein levels after stretching increase relatively less than the corresponding levels of mRNA in both wild type and eIF6 +/− murine fibroblasts. The absence of a direct correlation between mRNA and protein levels suggests that the relationship between mRNA and protein levels is not strictly linear. One possible reason is that different regulatory mechanisms (e.g., independently targeting synthesis and degradation rates), act on both mRNA and protein, affecting the abundance of the two molecules differentially. After 24 hours, eIF6 mRNA expression decreases slowly with increasing a-SMA expression (data not shown), perhaps related to the increasing differentiation of fibroblasts. In addition, eIF6 deficient cells exhibit increased COL1A1 expression when subjected to mechanical stretching, compared with eIF6 wild type cells. eIF6 may therefore be involved in the regulation of external mechanical force-mediated fibroblast function.
Because TGF-β pathway activity is intimately involved in fibrosis and collagen deposition, and eIF6 inversely modulates the expression of TGF-β 1, mainly at the transcription level 16 , eIF6 deficiency may result in increased collagen I deposition. This prediction is supported by our results in which the level of TGF-β 1 mRNA expression, as well as p-Smad protein expression, is increased in cells containing reduced levels of eIF6, suggesting the activation of TGF-β 1signal transduction. Furthermore, a significant decrease in Smad7 protein expression was observed in eIF6 deficient cells, and even greater reductions occurred in these cells subjected to external mechanical stretching. However, there was no significant difference in TGF-β 1 and Smad2 protein levels in stretched vs non-stretched eIF6 deficient cells. It is possible that eIF6 and external mechanical stretching have an additive or synergistic effect on TGF-β 1 mRNA expression, but not on TGF-β 1 protein expression. External mechanical stretching may impact TGF-β 1 protein regulation far less than eIF6 deficiency.
We have also shown that the increased COL1A1 expression (mRNA and protein) and TGF-β 1 mRNA expression in eIF6 +/− murine dermal fibroblasts increases further with external mechanical stretching, and that +/+ murine dermal fibroblasts subjected to mechanical stretching was determined by real time RT-PCR. Expression levels in stretched cultures (gray) are displayed relative to nonstretched cultures (black; set to 1). Each experiment was conducted a minimum of three times, with similar results. Cell number did not change significantly under any conditions. **Represents p < 0.01, and *represents p < 0.05.
Scientific RepoRts | 6:36075 | DOI: 10.1038/srep36075 inhibition of TGFβ R I/II significantly reduces COL1A1 protein expression in these cells. These results suggest that mechanical stretching plays a synergistic role in promoting COL1A1 expression in eIF6 +/− cells, and the increase in TGF-β 1 mRNA expression stimulated by external mechanical stretching is at least partly achieved by the activation of TGFβ R I/II. TGFβ R I/II is of great importance in mechano-sensitive pathways 14, 29 , supporting a role for these receptors in mechanotransduction in collaboration with eIF6. Because eIF6 levels were reduced only by 50% in our eIF6 deficiency model, we conclude that fibroblast cells are highly sensitive to perturbations of eIF6, and that eIF6 may act as a protective factor to maintain cell homeostasis under external mechanical stretching.
Another goal of this study was to investigate the role of eIF6 in mechanical force-mediated fibrosis in vivo. A protocol was designed to deliver a controlled stretch stress to a partial-thickness wound (Fig. 1) . The partial-thickness wound was generated using an apparatus consisting of an upper and lower body clamp, a depth control, a pressure-activated handle, an adjustable belt and a length control screw (Fig. 8) . The tool accurately controlled lesion area as well as wound depth. Average wound depth was 0.50 ± 0.072 (data not shown). Using this device, we demonstrated that external mechanical stretching induced granulation tissue formation, and eIF6 +/− mice exhibited significantly more granulation tissue formation than wild type mice. In contrast, TGFβ R I/II inhibition significantly reduced granulation tissue formation under external mechanical stretching. These results provide convincing evidence that eIF6, TGFβ R I/II activation and mechano-sensitive pathways are linked in vivo. In addition, this data strongly supports our previous report that eIF6 expression is extremely low or absent in the basal layer of the epidermis early in hypertrophic scar formation, and then increases slowly as scar formation proceeds 15 . These stages parallel the development of mechanical loading, which is often lower at earlier stages of healing but increases with the development of granulation tissue 30 .
Conclusion
The experiments presented here reveal a possible mechanism for external mechanical force-mediated dermal fibroblast function and fibrosis. The results show that the increased mechanical load in a wound bed causes a significant increase in eIF6 expression. This response may protect normal dermal fibroblasts from collagen over-production partly through the regulation of the TGF-β /Smad pathway.
Materials and Methods
Cell culture and external mechanical stretching. Primary murine dermal fibroblasts were isolated from the skin of wild type (eIF6 +/+ ) and eIF6 heterozygous (eIF6 deficient, eIF6 +/− ) newborn C57BL/6 mice (purchased from Fondazione Centro San Raffaele del Monte Tabor, Italy) using standard procedures. The eIF6 gene was deleted by homologous recombination using embryonic stem cell technology. eIF6
+/− murine fibroblast cells have a 50% reduction in eIF6 levels, but retain sufficient nucleolar eIF6 and exhibit normal ribosome (4) depth control assembly comprised by components 10 through 13 described below; (5) clamping tong; (6) pressing lever; (7) leveraging fulcrum; (8) adjustment belt; (9) length control screw; (10) holder to secure depth control assembly; (11) barrier plate for depth control; (12) connecting rod; (13) locking screws. biogenesis 31 . All cells were initially cultured in Dulbecco's Modified Eagle's Medium (DMEM) (Sigma-Aldrich, St. Louis, MO, USA) supplemented with 10% Fetal Bovine Serum (FBS, Sigma-Aldrich, catalog No. 12303C) and penicillin (100 IU/mL)-streptomycin (100 μ g/mL). 0.5 × 10 6 cells in a total volume of 10 ml were seeded into the wells of Bioflex ® six-well culture plates coated with 10 mg/ml of fibronectin (BF-001P, Flexcell, USA), which promotes cell attachment to the silicone surface without affecting fibroblasts differentiation 32, 33 . One day after cell seeding, cultures were assigned to the STRETCHED or NON-STRETCHED groups. The STRETCHED group was further subdivided into the "mechanical stretch group", "mechanical stretch & LY2109761 group", and "mechanical stretch & dimethyl sulfoxide (DMSO) group". The "mechanical stretch group" was further divided into four subgroups that were subjected to stretching for 4, 8, 16 and 24 h. We choose 8 h as the observation time point for the "mechanical stretch & LY2109761 group" and "mechanical stretch & DMSO group", for which the mRNA expression of target proteins had reached their peak, and thus the changes in protein expression might be more significant. LY2109761 (a dual inhibitor for both TGF-β receptor type I and type II, Selleck, Houston, TX) was dissolved in 100% dimethyl sulfoxide (DMSO) at a stock concentration of 10 mmol/L, and the concentration of DMSO did not exceed 0.1% in any assay. Before tests, all culture medium was replaced with fresh medium. The experiments were conducted using an FX-5000T Flexercell Tension Plus (Flexcell International Corporation, Hillsborough, NC, USA). Cells were subjected to cyclic tension for 4, 8, 16 and 24 h at a frequency of 0.1 Hz (6 cycles/min), with a maximal increase in surface area of 10%.
Animal model and external mechanical stretching. Pure breed C57BL/6 male mice (wild type, eIF6
+/+ , purchased from the Third Military Medical University, China) and eIF6 heterozygous male mice (eIF6 deficient, eIF6 +/− , purchased from Fondazione Centro San Raffaele del Monte Tabor, Italy) aged 8~10-week weighing 20~22 g were backcrossed to C57BL/6 mice as described in the literature 16 . Mice were anesthetized with an intraperitoneal injection of 1% (w/v) sodium pentobarbital (0.01 ml/g body weight). After shaving the dorsal hair and cleaning the exposed skin with 75% ethanol, the partial-thickness wounds were created on the dorsum of the mice. To establish a stable animal model, we designed and constructed a mouse partial-thickness wound tool (Fig. 8 ). To introduce a wound, the tool was pressed vertically onto the mouse back, and a lever was pressed to create the wound. Lesion area and wound depth were both reproducibly adjustable. Wounded mice were assigned to the STRETCHED or NON-STRETCHED group, and subjected to either "natural skin stretching" (5 days, n = 12 mice) or "external mechanical stretching" (5 days, n = 12 mice). "Natural skin stretching" refers to a constant mechanical environment in the vicinity of the partial thickness wound after a sham surgical operation, followed by tension-free suturing. "External mechanical stretching" refers to the persistent mechanical stretching of the partial-thickness wound, imposed by tension suturing of a hexagonally shaped wound. We selected 5 days after injury as an observation point for the STRETCHED group, because wound inflammation begins to decline 5 days after injury, and the proliferation of fibroblasts increases along with the generation of granulation tissue. To examine the role of TGFβ R I/II in mechano-transduction, the wounds in the STRETCHED group were further divided into 3 subgroups designated the "mechanical stretch group", "mechanical stretch & LY2109761 group", and "mechanical stretch & DMSO group" (n = 4 mice per group). LY2109761 was dissolved in 100% DMSO at a stock concentration of 10 mmol/L, and the concentration of DMSO did not exceed 0.1% in any assay. After the experiment, wounds were examined for the induction of granulation tissue. For expression analyses, one wound sample from each animal was frozen in liquid nitrogen immediately after excision. All experimental methods described above were conducted in accordance with guidelines for animal care and were approved by the First Affiliated Hospital (Southwest Hospital) of the Third Military Medical University. All experiments were approved by the Laboratory Animal Welfare and Ethics Committee of the Third Military Medical University.
Histopathology. Partial thickness wounds were dissected and immediately fixed in 4% paraformaldehyde in 0.1 M PBS at pH 7.4 for at least 48 h, then embedded in paraffin. Successive transverse paraffin sections were cut at ~4 um thickness and were subjected to HE staining as well as Masson's trichrome staining.
Immunohistochemical analysis. Immunohistochemistry was performed on formalin-fixed, paraffin-embedded tissue as well as on cells growing on Bioflex ® six-well culture plates. Briefly, sections or cell culture plates were deparaffinized in xylene and rehydrated in a series of increasingly dilute ethanol solutions. All specimens were quenched with 3% hydrogen peroxide (H 2 O 2 ) to block endogenous peroxidase, and pretreated by microwave heating for 10 min in antigen unmasking solution (pH = 6.8, 0.1 M citrate buffer, Zhongshan Jinqiao Biology Corporation, Beijing) to increase staining. To block non-specific background, the sections or slides were blocked with 3% bovine serum albumin (BSA) for 30 min. Specimens were incubated with antibodies for eIF6 (1:400, CST, #3263, USA) at 4 °C overnight, followed by the appropriate secondary antibodies. Signals were amplified with 3,3-diaminobenzidine and counterstained with hematoxylin. Finally, specimens were dehydrated and mounted using cover slips. For all samples, negative controls were incubated with 0.1 M PBS as a substitute for the primary antibody.
Digital images of each section were captured with a Leica Confocal Microscope (Leica Microsystems, Wetzlar, Germany) at 200x magnification. Images were randomly obtained from five fields for each sample. Expression intensity of positively labeled cells was measured and analyzed using the Image-Pro ® Plus 6.0 application (Media Cybernetics, USA). Data were expressed as the integral optical density (IOD) (IOD = optical intensity of positive cells × area of positive cells).
Immunofluorescence analysis. Murine dermal fibroblast cells and wound tissue sections were rinsed with phosphate-buffered saline (PBS), immediately fixed in 4% paraformaldehyde in 0.1 M PBS at pH 7.4 at room temperature, and processed for immunofluorescence microscopy. Fibroblast cell samples were permeabilized with Triton X-100, and tissue samples were sectioned and incubated with proteinase K (Millipore, Bedford, MA) for 20 min at 37 °C.
To detect PCNA expression in newly formed granulation tissue, each sample was incubated at 4 °C for at least 16 h with the primary antibody (anti-PCNA 1:400, CST, #13110, USA) diluted in blocking solution, followed by incubation with Alexa Fluor secondary antibody at a dilution of 1:200 for 1 h. Nuclei were stained with DAPI for 10 min after incubation with the secondary antibody.
To detect the expression of eIF6 and COL1A1 in dermal fibroblasts, the stretchable films, along with the attached fibroblast cells, were severed from the Bioflex ® six-well culture plates and incubated at 4 °C for at least 16 h with the primary antibodies (anti-eIF6 1:400, CST, #3263, USA; anti-COL1A1 1:200, abcam, ab34710, UK) diluted in blocking solution, followed by incubation with Alexa Fluor secondary antibody at a dilution of 1:200 for 1 h. Samples were mounted on blank slides with an anti fluorescence quenching agent. All images were acquired using fluorescence microscopy. Digital images were captured with a Leica Confocal Microscope (Leica Microsystems, Wetzlar, Germany) at 400× or 200× magnification and were randomly obtained from five fields each section.
Western blotting. Total protein from each murine dermal sample (from which the epidermal layer had
